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' I I ansen [1] implied that Lopez [2) had an error in his article,
“Review of Narrowband Impedance-Matching Limitations,”
Hansen writes:

Coefficients a and b, multiplied by #, are given by
Lopez (2] in Table 2. These do not match the exact vai-
ues of my Table 1 or Table 2. Lopez does not state what
value of VSWR his coefficients are for.

Lopez’s coefficients a, are not equal to the Fano [3] “a”

inultip]ied by # (the number of mning circuits), as stated by
Hansen (a, #an). The coefficients 4, =1 and a, =2, for single

and double tuning, were first derived by Lopez [4] completely
independently of Fano’s work. These coefficients are used in a
simple equation relating , the bandwidth ratio,

B= ( SHigh ~ fLow) / SHighfrow » and the maximum reflection
magnitude, T':
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The coefficients @, and a, are not a function of T or of the
VSWR.

Lopez [4] went on to develop an approximate formula for the
Q-bandwidth product for the case where [ >1/3 for all values of

n:
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Lopez [2], using MATHCAD to solve Fano’s equations, revised the
coefficients, a,, and determined the coefficients b, for a very
accurate equation relating the QO-bandwidth product to I' for all
valuesof T andfor n=1to8 and n=w0;
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The Lopez coefficients a,, b, have no dependence on I
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Hansenr’s [1] Table 3, “Maximum bandwidth improvement
factors,” MBIF, , can be simply reproduced using Equation {3).
The additional number of matching circuits beyond the single
tuned circuit is equal to m. Note that m+1=n.
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Hansen’s Table 3 is reproduced here as Table 1, including the
Lopez values. The Lopez values were rounded off to two decimal
places for m =2, 3, and 4. This is consisterit with the accuracy of
his computed values for ¢, and 5,.

MBIF,, =

From Table 1, and for the case of VSWR =2, it can be
determined that the percentage bandwidth increase for double
tuning over singie tuning is 131%, and that it is 24% for triple
tuning over double tuning. These are the same values presented by
Lopez [5) in his Figure 1.

How Do Hansen [1] and Lopez [2] Differ?

Hansen solved the Fano equations for n=1 to § and for
n=o,and for VSWR =2 and VSWR =5.828 . He quantified the
law of diminishing returns for the number of tuning circuits greater
than two. Lopez also quantified the same law for aff values of
VSWR. The Hansen and Lopez results were the same for the
VSWR =2 and VEWR =5828 cases.

‘What Lopez did was unique. He developed {over a span of 30
years) the relatively simple equation that is equivalent the Fano
simultaneous equations. Table 2 presents the Fano and the Lopez-
Fano equations for n=1, Z, and 3.

Hansen and Lopez agreed on one thing: the law of diminish-
ing returns for the number of tuning circuits greater than two.
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Table 1. Maximum bandwidth improvement factors.

]

Number of Additional Matching Circuits VSWR =2 (I'=1/3) Half-Power ([ =1/V2)
Lopez Lopez
b

" Tmi+] m+l Hansen Equation {4) Hansen Equation (4)

1 2 1 2.3094 2.3094 2.0301 2.0301

2 2.413 0.678 2.8596 2.86 2.4563 2.46

3 2.628 0.474 3.1435 315 2.6772 2.68

4 2.755 0.347 33115 3.31 2.8083 2.81

2o T 0 3.8128 3.8128 3.2049 3.2049

Table 2. The Fano and Lopez-Fano equations.
n Fano Lopez-Fano

B 2sin(7/2)
OB(I)~ sinh[a (F)] —sinh [b(l“)]

: tanh[ a(T)] _ tanh[ 5(T))
cosh[a(F)] cosh] b(I')]

cosh[ 5(T')]| -

cosh [a (F)] B

January 1973, [2] Equation (5), Table 2

i 2sin{n/4)
0B(T)= sinh [a (F)] - Si“h[b(r)]

tanh! 2a(T')] tanh[25(T}]

2 cosh[a{f)| ~ cosh{b(T)]

cosh[2b(F)]
cosh| 2a(T')

January 1973, [2] Equation (5), Table 2

0B(I)=

2sin(7/6)

OB(T)= = [a()]-sinb[4(I)]

tanh[3a(I')] tanh[35(T)]
3 cosh[a (F)] - cosh[b(r)]

cosh[36(I') | r
cosh| 3a() |

1
by sinh }ié—ln({;ﬂ + Liab—iln[%}

ay=2413, by=0.678

OB(F)=

June 2004, [2] Equation (7), Table 2

Hansen’s statement, “(Fano) coefficients a and b, multiplied
by n, are given by Lopez [2] in Table 2,” was not correct. There
was no error in the Lopez paper as implied by Hansen.
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Ideas for Antenna Designer's Notehook

Ideas are needed for future issues of the Antenna Designer’s
Notebook. Please send your suggestions to Tom Milligan and
they will be considered for publication as quickly as possible.
Topics can include antenna design tips, equations, nomographs,
or shortcuts, as well as ideas to improve or facilitate
measurements. ¢
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